Introduction: Food insecurity is a well-
INTRODUCTION
Food insecurity is a significant barrier to longterm antiretroviral therapy (ART) in resourcerich as well as resource-limited settings [1] [2] [3] . In urban centers with abundant but inequitable access to food, including in the United States (US) and Canada, people living with HIV who experience food insecurity are less likely to be adherent to treatment, achieve poorer HIV viral suppression, and have greater mortality than their food secure counterparts [4] [5] [6] [7] . Food insecurity itself can interfere with medication adherence by disrupting daily routines, impairing memory and attention, impeding adherence strategies, and reducing motivation [8] . In essence, the immediacy of accessing food to meet survival needs can understandably take priority over adhering to medication schedules.
Patients may forego taking medications at times when food is unavailable if they have been instructed that their medicines should always be taken with food. In addition to the direct effects of food insecurity on antiretroviral adherence, lacking food will further challenge the clinical efficacy of ART when required to be taken with food for maximum absorption and clinical benefit [9] .
Food is required for processing, absorption, and optimal clinical benefits for certain ART regimens, with pharmacokinetic studies
showing as much as a 38% increase in the availability of some antiretrovirals when taken with food [10, 11] . The protease inhibitor darunavir, for example, is rapidly absorbed and systemic exposure is increased by 30%
when taken with a meal [12, 13] . Similarly, administration of atazanavir with a light meal results in a 70% increase in drug plasma concentration [14] . The bioavailability of ritonavir, which itself is used to boost the bioavailability of other protease inhibitors, is also suboptimal when taken without food [15] .
Similarly, taking tenofovir and rilpivirine with a meal can mean as much as a 36% increase in drug bioavailability [16, 17] . People who are food insecure must therefore periodically choose to either take their medications knowing they are not following directed use or miss their medications altogether when food is unavailable. People living with HIV who experience food insecurity may therefore have poorer clinical outcomes as a result of both nonadherence and insufficient absorption. In a previous study, we found that a significant number of people living with HIV who are food insecure are prescribed ART that should be taken with food and these individuals had more HIV symptoms, lower CD4 cell counts, and poorer HIV suppression than their counterparts who were not prescribed ART that requires food [18] . Given that our previous study was the first to investigate antiretrovirals that require food prescribed to people with HIV who are also food insecure, the current study sought to extend those findings in an independent sample.
The current study investigated ART adherence and viral suppression among people living with HIV who are food insecure in relation to receiving ART that should be taken with food. We extend past research that has examined food insecurity in relation to ART adherence by focusing on ART regimens that require food. In addition, the current study incudes potential confounding factors that may account for the previously observed associations between non-adherence and medication requirements including side effects and medication adherence motivational beliefs. We hypothesized that ART adherence and HIV viral suppression would be poorer among people living with HIV who are food insecure and are prescribed antiretroviral regimens that require food compared to individuals who are food insecure and prescribed ART regimens that do not require food.
METHODS

Participants
Participants were men and women taking antiretrovirals to treat their HIV infection and had experienced food insecurity in the previous month. The site of the study was Atlanta, Georgia with an annual incidence of 30.3 per 100,000, exceeding the 19.6 per 100,000 population rate of HIV in major US cities.
Eligible participants were aged 18 years or older, HIV positive, and currently taking ART.
Procedures
The study was conducted between January 2013 and March 2014. A total of 1,101 people living with HIV were recruited through targeted community sampling with both venue recruitment and snowball sampling techniques. Venue recruitment relied on responses to brochures placed in waiting rooms of HIV service providers and infectious disease clinics throughout Atlanta, GA.
Participants were also encouraged to use the project brochures to refer their HIV-positive friends to the study. Individuals provided informed consent prior to completing any study activities.
Participants completed four sources of data:
audio computer-assisted self-interviews (ACASI) to assess demographic and behavioral characteristics at the start of the study [19, 20] ; HIV RNA (viral load) and CD4 cell counts obtained from medical records; a urine specimen for drug screening; and unannounced pill counts to prospectively assess ART regimens and adherence. The specific measures are described below. The University of Connecticut Institutional Review Board approved all procedures.
Measures
Computerized Interviews
Participants were asked their gender, age, years of education, income, ethnicity, and employment status. We also collected the year that participants first tested HIV positive, a measure of 14 HIV-related symptoms of 2-weeks duration (indicated as having or not having experienced each symptom, summed to a composite score) [21] , and experience of 11 common ART side effects (ranged between 0 = ''not experiencing'' to 3 = ''severely experiencing'', summed to composite score) [22] . To assess alcohol use, we administered the Alcohol Use Disorders Identification Test (AUDIT), a 10-item scale designed to measure alcohol consumption and identify risks for alcohol abuse and dependence [23] . Scores on the AUDIT range from 0-40 and the AUDIT has demonstrated acceptable reliability and validity [24] . The first item on the AUDIT was used to index frequency of alcohol use over the previous week.
To assess food insecurity, we used items adapted from the US Food Security Scale that have been validated in past research and used by the US Census Bureau [25] . The specific items are reported in the results section. We also included an item asking participants if they had to decide whether to buy food or medications.
Food insecurity indicators were collected with respect to experiences in the past month, dichotomized (experienced/not experienced), and summed to create a food insecurity index.
We used the Beliefs about Medicine
Questionnaire to assess participant's motivations for adhering to medications [26, 27] . Chart Abstracted HIV Viral Load and CD4
Cell Counts
We used a participant-assisted method for collecting chart abstracted HIV viral load and CD4 cell counts from participants' medical records. Participants were given a form that asks their physician's office to provide the results of their most recent HIV viral load and CD4 cell counts and dates (not older than 3 months). These data were therefore obtained directly by the participants from their health care providers. The form included a place for the provider's office stamp or signature to assure data authenticity. HIV RNA below detection was defined as less than 200 copies/mL for uniformity across providers.
ART Regimen Determination and Adherence
Participants consented to three unannounced telephone-based pill counts that occurred over a 6-week period. Unannounced pill counts are reliable and valid in assessing medication adherence when conducted in homes [28] and on cell phones [29, 30] . In this study, we conducted unannounced cell-phone-based pill counts. Participants were provided with a free cell phone for use in the study assessments. An office-based interview included a full accounting and recording of all prescription medications, determining ART regimen, and systematic training in the pill counting procedure. Participants were subsequently called at three unscheduled times over 12-to 16-day intervals. Pharmacy information from pill bottles was also collected to verify the number of pills dispensed between calls.
Adherence was defined as the ratio of pills counted relative to pills prescribed, taking into account the number of pills dispensed. ART adherence was examined as a continuous variable and as a clinically defined categorical variable with adherence defined as greater than 85% of their medications [3, 4] .
Data Analyses
Of the 1,101 individuals recruited, 498 screened positive for experiencing at least one indicator of food insecurity (see below for exact items 
RESULTS
Of the 418 individuals who had experienced food insecurity in the previous month, 223
(53%) were prescribed ART that should be taken with food. The majority of participants were receiving regimens that included nucleoside/ nucleotide reverse transcriptase inhibitors (NRTI) and protease inhibitors, the two largest classes of medications. Overall, ART adherence averaged 81% of medications taken over the subsequent month, with considerable variability in adherence across classes of medications (see Table 1 ). Results showed that most indicators of food insecurity were evenly distributed among people who were not and were prescribed ART that requires food.
However, having had to choose between paying for food or obtaining medications occurred significantly more often for individuals prescribed ART that should be taken with food (see Table 2 ). Table 3 shows the characteristics of participants taking ART that does not and does require food.
Factors Associated with Receiving ART that Requires Food
Descriptive analyses found that individuals taking ART that requires food were significantly more likely unemployed, had lower CD4 cell counts, were more likely to have unsuppressed HIV viral loads, were living There were no other differences between individuals taking ART that requires food verses those not taking medications that require food.
Predictors of ART Adherence
We constructed a multivariable logistic regression model to test the independent effects of ART regimens requiring food on medication adherence over the prospective 1-month period. The model included factors that were associated with taking ART regimens that require food including employment, years living with HIV diagnosis, and adherence motivation beliefs. In addition, the model included socio-demographic and behavioral factors that are generally known to be associated with adherence including education, income, substance use, and medication side effects. Results showed that greater alcohol use, fewer beliefs that medications are necessary, and being prescribed an ART regimen that requires food significantly predicted poorer ART adherence over and above the other factors included in the model (see Table 4 ). ART antiretroviral therapy, ns not significant, SD standard deviation
Predictors of HIV Suppression
A second multivariable logistic regression model tested the independent effects of ART regimens requiring food on chart abstracted HIV viral load. The model included all of the factors described above for the adherence model. Table 5 shows that participant unemployment, greater beliefs about concerns over medications, and being prescribed an ART regimen that requires food significantly predicted having unsuppressed (detectable) HIV viral load, over and above the other factors included in the model. 
CONCLUSION
Given that HIV is embedded in a context of poverty, access to food should be formally assessed and explicitly considered when prescribing ART. Patients should not be expected to overcome the shame and stigma of not having food to initiate this conversation.
In addition to the obvious necessity of nutrition in health, access to food is known to improve adherence [36] [37] [38] . The importance of food in health takes on a new dimension when the bioavailability of medications depends on food. 
